Glucose is a key metabolic regulator of osteoclasts; glucose stimulated increases in ATP/ADP ratio and calmodulin kinase II activity.
Glucose-stimulated increases in osteoclast activity are mediated, at least in part, by transcriptional regulation of H+-ATPase expression through a mechanism involving p38 mitogen-activated protein kinase. We hypothesized that early events in the glucose-dependent signaling pathway would be similar to those identified in other glucose-sensitive cells, such as islet beta-cells, including rapid changes in the cellular ATP/ADP ratio and mobilization of intracellular Ca2+. We demonstrate that glucose stimulates a prolonged 50% increase in the ATP/ADP ratio that was maximal 30 s after glucose concentrations were increased. Glucose stimulated a transient 30% increase in calcium/calmodulin-dependent kinase II (CaMK II) activity that was maximal 3 min after the glucose concentration was increased. CaMK II was activated maximally by 3 mmol D-glucose/L in 3-min assays. Activation of CaMK II in the presence of the nonmetabolizable glucose analog 2-deoxyglucose was 2-fold greater than with D-glucose but was unchanged by glucosamine. Pretreatment of osteoclasts with the intracellular Ca2+ chelator BAPTA-AM inhibited glucose transport by 75%. BAPTA-AM treatment also prevented glucose-dependent stimulation of CaMK II. The data indicate that osteoclasts utilize a glucose-sensing mechanism similar to that of beta-cells and that glucose-stimulated signaling in osteoclasts involves changes in the ATP/ADP ratio and mobilization of intracellular Ca2+, resulting in activation of CaMK II.